INTRODUCTION {#s1}
============

Hodgkin lymphoma (HL) is a B-cell lymphoid malignancy that affects children and adults worldwide, yet there is a vast outcome gap between high- and low-resource settings.^[@B1]^ GLOBOCAN 2018 estimated 6,893 new cases of HL (age-standardized rate, 0.77 per 100,000) and 3,111 deaths in sub-Saharan Africa (0.42 per 100,000), with a projected 78% increase in new cases by 2040.^[@B2]^ By comparison, in the United States, there were more new cases (9,265) but significantly fewer deaths (1,057) in 2018, with respective age-standardized rates of 2.5 and 0.19 per 100,000.^[@B2]^

CONTEXT
-------

**Key Objective**How can we approach treatment of curable cancers like Hodgkin lymphoma in low-resource settings? Here, we evaluated a cancer care delivery system established in rural Rwanda using Hodgkin lymphoma as a model.**Knowledge Generated**In this retrospective cohort study of 77 adults and children with Hodgkin lymphoma, implementation of standard chemotherapy treatment within a basic cancer care delivery system resulted in a 63% 3-year overall survival. Evaluation of both quality indicators and clinical outcomes through an implementation science approach identified targets for system-level improvements.**Relevance**Achieving equity for patients with cancer in low-resource settings will involve coordinated efforts and innovative approaches to implement treatments that are known to be effective into diverse settings. This study demonstrates how rigorous evaluation of quality indicators and clinical outcomes in a cohort study informs cancer care delivery implementation and improvement in low-resource settings, such as rural Rwanda.

Since its introduction in 1975, the combination of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) has emerged as the most commonly used treatment of HL.^[@B3]^ Current international guidelines recommend ABVD alone or in combination with radiotherapy for early-stage disease and ABVD alone for advanced-stage disease. In limited-stage nonbulky HL, ABVD alone confers an 87% 12-year freedom from progression in high-income countries (HICs).^[@B4]^ In advanced disease, ABVD is associated with 5-year failure-free survival rates of 61%-63%.^[@B5],[@B6]^ Given excellent outcomes in HL, the focus of research in HICs has turned to de-escalation strategies to minimize sequelae of treatment.

Although ABVD has been the standard of care for HL for 40 years and all 4 drugs are off patent, relatively affordable, and included in the WHO Model List of Essential Medicines,^[@B7]^ many patients in low- and middle-income countries (LMICs) do not have access to this curative therapy. Successful treatment of HL requires a cancer care delivery system that includes at a minimum diagnostic pathology; reliable access to chemotherapy and related consumables; and providers trained in chemotherapy mixing, administration, and supportive care.^[@B8]^ Because ABVD is a low-intensity outpatient regimen with curative potential as a single-modality treatment, it serves as an informative model for the evaluation of cancer care delivery implementation.

In 2012, the first cancer center in Rwanda was established at Butaro District Hospital by the Rwandan Ministry of Health (MOH) with support from the nongovernmental organization Partners In Health (PIH), the Dana-Farber Cancer Institute, and other partners.^[@B9]^ Within this care delivery system, a treatment protocol using 6 cycles of ABVD was implemented for pediatric and adult patients. Here, we report our patient characteristics, quality indicators, and clinical outcomes after the first 7 years. Few reports have described HL treatment implementation strategies and outcomes in low-income countries and fewer still from rural sub-Saharan Africa. Our approach addresses calls for a cancer groundshot initiative focused on the implementation of treatments already known to work and strategies that can be applied globally to reduce cancer morbidity and mortality.^[@B10]-[@B12]^

METHODS {#s2}
=======

Implementation Strategy {#s3}
-----------------------

The Butaro Cancer Center of Excellence (BCCOE) is located in rural northern Rwanda, approximately 90 km (a 2.5-hour drive) from the capital city of Kigali. Through international collaboration, BCCOE provides basic services across the cancer care continuum: pathologic diagnosis, x-ray and ultrasound (and referrals for computed tomography \[CT\]), surgery, chemotherapy, referrals for radiotherapy, palliative care, and socioeconomic support.^[@B9]^ Initially, biopsy specimens were sent to US partner site Brigham and Women's Hospital (BWH) for diagnosis, and subsequently, diagnostic pathology with immunohistochemistry (IHC) and telepathology consultation were established at BCCOE.^[@B13]^ With no oncologists permanently onsite, care is delivered by internists, pediatricians, general practitioners, and nurses through a task shifting model.^[@B13a]^ Management is guided by clinical protocols adapted to available resources, and clinicians consult with international advisors over weekly teleconferences and e-mail. Systems have been established to promote protocol adherence, such as electronic chemotherapy orders, comprehensive clinical forms, and patient tracking measures to address loss to follow-up. As the first national referral center for cancer care in Rwanda, BCCOE has enrolled \> 11,000 patients since 2012, and the program continues to evolve as oncology capacity expands in the country.

HL Protocol {#s4}
-----------

The BCCOE protocol for HL was developed and endorsed by the MOH in 2012. The protocol requires a core needle or excisional biopsy and histology review with IHC for diagnosis. Clinical staging by physical examination according to Ann Arbor guidelines is required; chest x-ray and abdominal ultrasound (or CT if feasible) and bone marrow evaluation are recommended but do not change management. All candidates for therapy, regardless of stage, are treated with 6 cycles of ABVD (doxorubicin 25 mg/m^2^ intravenously \[IV\], bleomycin 10 U/m^2^ IV, vinblastine 6 mg/m^2^ IV, and dacarbazine 375 mg/m^2^ IV) given on days 1 and 15 of every 28-day cycle. Treatment response is primarily assessed by physical examination; radiographic response is not routinely assessed given the absence of second-line treatment options. Radiotherapy was not available in Rwanda during the study period. After treatment, patients are followed for surveillance. Biopsy confirmation is recommended in cases of suspected relapse.

Study Patients {#s5}
--------------

All patients who presented to BCCOE from July 2012 to June 2018 and had biopsy-confirmed HL were included. Patients who received prior chemotherapy elsewhere were excluded from analysis of treatment quality indicators and clinical outcomes.

Data Collection and Statistical Analysis {#s6}
----------------------------------------

Data abstraction from clinical charts was performed using the Ona database platform (Ona Systems, Nairobi, Kenya). Variables included demographics, pathologic characteristics, HIV status, Eastern Cooperative Oncology Group (ECOG) performance status, Ann Arbor stage, International Prognostic Score (IPS) risk factors, treatment intervals, dose intensity, and survival status as of December 2019. Frequencies, medians, and ranges were used to describe the patient and disease characteristics and quality indicators, and distributions were compared using Pearson χ^2^ or Wilcoxon rank sum test. Kaplan-Meier methods with log-rank tests were used to compare times from diagnosis to mortality across subpopulations. All analyses were performed using Stata 15 (StataCorp, College Station, TX).

Dose intensity of ABVD was calculated using published methods.^[@B14]^ In cases where treatment was discontinued early, dose intensity was calculated for completed cycles only. Treatment was considered delayed if administered \> 1 week past due. Clinical complete response was determined on the basis of documented reduction in lymphadenopathy to ≤ 1 cm by physical examination. Relapse was determined on the basis of documented clinical suspicion, with radiographic or pathologic confirmation available in some cases. Vital status was determined by clinical records and contact with patients or families. Patients were considered lost to follow-up if they missed their most recent appointment, had no contact with BCCOE for \> 6 months, and were not reachable. This study was approved by the Rwanda National Ethics Committee (Kigali, Rwanda) and the Inshuti Mu Buzima Research Committee (Kigali, Rwanda).

RESULTS {#s7}
=======

Eighty-five patients with biopsy-confirmed HL were seen at BCCOE. Patient characteristics are listed in [Table 1](#T1){ref-type="table"}, with age distribution shown in [Fig 1](#f1){ref-type="fig"}. Half were children ≤ 16 years old, and a quarter were \< 11 years old. Nodular sclerosis was the most prevalent histologic subtype (53%). The 10 patients who were HIV positive (12%) were older than those who were HIV negative (median age, 35.9 *v* 16.0 years, respectively; *P* \< .01) and trended toward predominantly female (70% *v* 39%; *P* = .06), with similar stage and histology distributions. Epstein-Barr virus (EBV) was positive in 14 (67%) of 21 specimens assessed by EBV-encoded RNA in situ hybridization. There were no significant differences in age, sex, histologic subtype, stage, or HIV status by EBV status, although numbers were small. A majority presented with stage III or IV (56%) and B symptoms (70%) but with good ECOG performance status (0-1 in 84%). IPS risk factors, which are associated with poorer prognosis in other settings,^[@B15]^ were only present in a minority of patients, with the exception of anemia in 51%.

###### 

Patient Characteristics

![](GO.20.00088t1)

![Age distribution (N = 85).](GO.20.00088f1){#f1}

Quality indicators related to care delivery are listed in [Table 2](#T2){ref-type="table"}. In most patients, the final pathologic diagnosis was made at either BCCOE (42%) or BWH (25%) and confirmed with IHC (61%). Staging chest x-rays were usually obtained (86%), but a minority had an abdominal ultrasound (35%), bone marrow evaluation (22%), or any CT scan (18%). Patients staged with CT had a similar stage distribution to those who were not. The median time from initial biopsy to treatment was 6.0 weeks, with 5 outliers experiencing an interval \> 6 months. Seventy-three patients initiated ABVD, and 54 (74%) of these completed all 6 cycles. Treatment delays were common: 48 (66%) experienced at least 1 delay. Reasons for delays are listed in [Table 2](#T2){ref-type="table"}. Dose reductions were rare. Median dose intensity averaged across the 4 drugs was ≥ 85% in most (75%) patients.

###### 

Quality Indicators (n = 77)

![](GO.20.00088t2)

The patient flow diagram is shown in [Figure 2](#f2){ref-type="fig"}. Eight (11%) of 73 treated patients had primary refractory disease. Of those who completed therapy, at least 36 (67%) achieved a complete response by physical examination. Nineteen patients (26%) discontinued therapy, several for unknown reasons (n = 10) or death (n = 6). Of the 6 deaths while on treatment, 4 occurred within 14 days of the first dose of ABVD. On the basis of available information, these 4 patients had end-stage disease at the time they started ABVD. Three patients experienced relapse 5.1, 5.6, and 20.0 months after treatment. Additional patients known to have died may have experienced relapse but had not sought care at BCCOE. At the time of analysis, 33 patients (43%) are in clinical remission, 27 (36%) are deceased or were referred to hospice, and 17 (22%) were lost to follow-up, with a 3-year survival estimate of 63% (95% CI, 50% to 74%). The median duration of follow-up was 1.7 years (maximum, 7.4 years). Survival data are shown in [Figure 3](#f3){ref-type="fig"}.

![Patient flow diagram. ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BCCOE, Butaro Cancer Center of Excellence; HL, Hodgkin lymphoma.](GO.20.00088f2){#f2}

![Kaplan-Meier overall survival estimate (n = 77).](GO.20.00088f3){#f3}

Univariable analysis with Kaplan-Meier survival estimation and log-rank testing demonstrates that worse ECOG performance status (*P* \< .01), advanced stage (*P* \< .01), B symptoms (*P* \< .01), anemia (*P* ≤ .01), failure to complete treatment (*P* ≤ .01), and dose intensity \< 85% (*P* \< .01) were associated with worse survival, as shown in [Figure 4](#f4){ref-type="fig"}. The 3-year survival estimate for patients with low dose intensity was 36% (95% CI, 12% to 61%) *v* 73% (95% CI, 56% to 84%) for high dose intensity. Several variables were not statistically significant, including age, sex, HIV status, bulky disease, lymphopenia, histologic subtype, and EBV status.

![Kaplan-Meier overall survival estimates by prognostic factors (n = 77). Estimated overall survival by (A) Eastern Cooperative Oncology Group (ECOG) performance status (available in n = 62), (B) Ann Arbor stage, (C) anemia status, (D) B symptoms (available in n = 76), (E) doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) completion, and (F) ABVD dose intensity. HgB, hemoglobin.](GO.20.00088f4){#f4}

DISCUSSION {#s8}
==========

Before the establishment of BCCOE in 2012, most patients with HL in Rwanda, as in many low-income countries, died as a result of their disease. Death that results from an untreated, and often undiagnosed, yet highly curable malignancy is a social injustice in the current era of unprecedented breakthroughs, cure rates, and profits in the field of oncology.^[@B10]-[@B12]^ To begin to close the vast outcome gaps in cancer mortality between rich and poor countries, effective cancer care delivery systems must be built and iteratively improved. An implementation science approach to oncology capacity building, in which strategies for effective care delivery are continuously evaluated through assessment of both quality indicators and clinical outcomes, optimizes the chance of success and sustainability.^[@B16]-[@B18]^ Here, we illustrate this approach through our experience in developing the capacity to treat and cure HL in rural Rwanda.

Nearly half of the patients in our cohort and the majority of those who completed treatment are in clinical remission, with a 3-year survival estimate of 63%. While longer follow-up is necessary, these results suggest that HL can be successfully treated in a low-resource setting through implementation of a basic cancer care delivery system. Our patients in remission have a meaningful chance of living normal, healthy lives, whereas a decade ago, they would have likely died as a result of untreated disease. Despite this tremendous progress, we are only halfway to our goal of achieving equity for patients with HL in Rwanda. Our treatment outcomes are inferior to similarly treated patients from HICs, and 30% of our cohort either did not start or did not complete treatment.

Examination of quality indicators can facilitate targeted improvement within a care delivery system. A quality indicator is a measurable element of practice performance for which there is evidence or consensus that it can be used to assess the quality of care provided.^[@B19]^ Quality indicators have been developed for non-HL^[@B20]^ and proposed for early-stage HL with an emphasis on radiotherapy,^[@B21]^ but there are no well-established quality indicators for medical management of HL. We based our assessment here on adherence to the nationally endorsed protocol adapted from evidence-based guidelines and benchmarks extrapolated from other available sources.

In our cohort, all patients except 1 were diagnosed by histologic examination of an excisional or core needle lymph node biopsy. Pathology capacity grew substantially at BCCOE, and in Rwanda, during the study period, from a starting point of relying on shipping specimens to the United States for diagnosis to having a pathologist permanently based at BCCOE who can consult telepathology as needed.^[@B13]^ As capacity has evolved, the turnaround time from initial biopsy to final diagnosis has shortened.^[@B22]^ Access to high-quality CT imaging and reports has also improved over time, and our patients with lymphoma are increasingly staged by CT, although positron emission tomography remains unavailable. With the recent establishment of radiotherapy in Rwanda, complete staging now affects HL management decisions and has been upgraded to a requirement in our protocol. Radiographic response measurement is considered a quality indicator for non-HL^[@B20]^ and should be a target for capacity building as access to imaging and consolidative or second-line therapy expands.

By several indicators, clinical management of patients with HL at BCCOE may be considered high quality. All treatment candidates received ABVD with rare deviations; 4 patients received a single substitution of cyclophosphamide, doxorubicin, vincristine, and prednisone during a 2-week bleomycin stockout. The median duration of ABVD treatment was only 2 weeks longer than planned, and most of our patients received at least 85% dose intensity, with approximately one third receiving \> 97%. In contrast to other reports,^[@B14]^ higher dose intensity was associated with better survival, representing another potential target for quality improvement.

Nevertheless, delays remain a challenge in our setting. Quality indicators for non-HL recommend a diagnostic period of 3 weeks after initial presentation, with therapy starting within 2 weeks of diagnosis.^[@B20]^ While dates of initial outside presentation were not available for our cohort, we know that there are often significant delays in diagnosis. The median interval from initial biopsy to treatment was 6 weeks, with several outliers taking much longer. This interval comprises many targets for intervention: initial presentation to biopsy, pathology turnaround time at referring institutions, time from outside referral to BCCOE intake, turnaround time for pathology review or repeat biopsy at BCCOE, and time from final diagnosis to treatment start. Targeting these variables will require strategies to address barriers at multiple levels: training primary care providers, adequately staffing and stocking pathology laboratories, streamlining interinstitutional coordination, and mitigating the travel burden and costs incurred by patients.

Delays during treatment are also an opportunity for improvement. Many delays were due to neutropenia, even though the protocol recommends starting treatment with asymptomatic neutropenia. This discrepancy may be due to inconsistent protocol adherence or greater caution in a population with difficulty accessing care and a limited sepsis management infrastructure. Social factors, including inability to pay bus fare to BCCOE and opportunity costs for patients and families of missing income or school, were also significant. While PIH subsidizes costs for many patients, financial burdens remain a significant barrier. Controllable factors, such as chemotherapy stockouts and accommodations for holidays, were also appreciated. Education and reinforcement of the importance of timely therapy for both patients and providers warrant ongoing deliberate effort. Finally, treatment abandonment and loss to follow-up are key targets in our setting. Social and financial barriers are implicated for many who discontinued treatment. Better interventions to overcome the barriers that threaten curative therapy are needed, such as financial subsidies, psychosocial support, education of and coordination with local primary care providers, and reduction of stigma associated with cancer through public awareness and advocacy.

The disparity in outcomes between cohorts from HICs and ours may also be due to disease factors. The strongest signal of a potential biologic difference is the strikingly younger age distribution compared with HICs. Half of our patients were age \< 16 years, whereas we saw very few cases in older adults. This trend contrasts sharply with the well-described bimodal age distribution in HICs characterized by an initial peak of approximately 26 years and a late peak of approximately 65 years. Others have described an earlier peak in childhood in LMICs^[@B23]^ and hypothesized that HL is seen in younger children in Africa because of earlier acquisition of EBV.^[@B8],[@B24]^

The association between EBV and HL is well established,^[@B25]^ and prevalence of EBV positivity in patients with HL is highest in Africa (74.2%) compared with all other regions.^[@B26]^ In our study, EBV positivity was 67%, although the numbers were small. HIV is also associated with an elevated risk of HL, likely caused by loss of immunologic control of EBV. Overall, HIV-related HL is associated with advanced stage at presentation, unusual sites of disease, and poorer outcomes.^[@B27]^ HIV prevalence among patients with lymphoma in sub-Saharan Africa ranges from 30% to 70%.^[@B1]^ Only 12% of our patients were HIV positive, but HIV prevalence in Rwanda generally is 3%, lower than in the sources of these estimates.^[@B28]^

Clinically, a majority of our patients presented with advanced stage, B symptoms, and anemia, established poor prognostic factors that were also associated with worse survival in our analysis. Moreover, because complete staging was rarely performed, stage was very likely underestimated. Four patients died as a result of their disease without ever starting treatment, and 6 more died before completing treatment, with 4 after only 1 dose. While adverse clinical features may be due to delayed diagnosis, they may also reflect more aggressive underlying disease.

As a retrospective chart review, data quality was limited by the lack of systematic clinical assessments. Documentation also was missing clinical information.

In conclusion, we have demonstrated that with attention to implementation of quality care, many patients with HL can be successfully treated in a low-resource setting, although results remain inferior to those of HICs. We aspire to an equitable landscape in oncology globally, where patients in Rwanda and other LMICs have access to the highest quality of care. As a first step, we advocate for implementation of cancer care delivery systems, such as the one described here, with ongoing evaluation and efforts toward improvement. Ultimately, mechanisms for early diagnosis and therapy, in addition to availability of autologous stem-cell transplantation and novel anticancer agents, will be needed to raise the level of treatment success in LMICs to those seen in an HIC.
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